SUMMARY The relationship of smoking to total mortality and to the prevalence of cardiorespiratory symptoms has been studied in three prospective surveys in west central Scotland in which 18 786 people attended a multiphasic screening examination. The prevalence of respiratory symptoms, and to a lesser extent cardiovascular symptoms, increased with the number of cigarettes smoked, with inhalation, and with a younger age of starting to smoke. A lower prevalence of respiratory symptoms in both sexes was observed in smokers of filter cigarettes than in smokers of plain cigarettes, and in those who smoked cigarettes with lower tar levels, irrespective of whether these were filtered or plain. In general, the relationships found between smoking and mortality were similar to those reported by other workers. Current cigarette smokers had a death rate from all causes which was twice that of those who had never smoked. No difference was found between the mortality rates of smokers of plain and filter cigarettes.
Indeed, so far as we are aware, apart from the 12-4 year follow-up of the British population random sample reported elsewhere in this issue , no prospective mortality study of a 'typical' population has previously been reported in the United Kingdom. Information is also scarce on the relationship that recent marketing changes in the type of cigarette may have had with mortality from smoking-associated disease. Apart from the previously mentioned study and the retrospective study carried out in north east England (Dean et al., 1977) , no information based on United Kingdom data has previously been published on the relative associations of filter and plain smoking with mortality. Methods Since 1965, in collaboration with the late Professor D. D. Reid, the Mass Health Examination Unit of the Greater Glasgow Health Board has been carrying out examinations of both general populations and occupational groups. The main objectives of this paper are, firstly, to analyse the relationship between various aspects of smoking behaviour and subsequent mortality, and, secondly, to study the relationship between smoking and cardiorespiratory symptoms.
Three separate surveys were undertaken in west central Scotland, where the prevalence of cardiorespiratory mortality has been recognised as the highest in western Europe (Fulton et al., 1978) . The first two studies, which took place between 1965 and 1968 (Survey 1) , and between 1970 and 1972 (Survey 2), were predominantly of persons examined in occupational groups (Hawthorne et al., 1972) , but they included also the censusidentified population of the Scottish island of Tiree (Hawthorne et al., 1969) . Together these studies included 5694 men and 815 women. The third study, between 1974 and 1975 (Survey 3) , of 5601 men and 6676 women, was confined to the census-identified population of Paisley (Hawthorne et al., 1975) . The overall response rate averaged 77 %. 260
The full examination procedure has been described before (Hawthorne et al., 1969) . For the purpose of this paper it is only necessary to know that the subject first completed a questionnaire on smoking and cardiorespiratory symptoms, which was then checked for missing information.
Information on subsequent mortality was obtained through the National Health Service Central Register at Edinburgh.
The present paper confines itself to those aged 45 to 64 at examination and restricts attention to the following variables: SMOKING Smokers were classified into three groups: current smokers, ex-smokers, or never smoked. The current smokers were classified by the number of cigarettes a day currently smoked, the type of cigarette normally smoked (filter, plain or hand-rolled), whether or not the smokers said that they inhaled, the age of starting to smoke, and (except in Survey 2) the brand of cigarette smoked. An individual was considered a smoker only if he smoked five or more cigarettes a day. The tar levels of the various brands were supplied by the Tobacco Research Council.
CARDIORESPIRATORY SYMPTOMS
The MRC bronchitis questionnaire (Medical Research Council, 1966) was used and the responses classified according to the presence of bronchitis syndrome, shortness of breath, wheezing, and persistent phlegm as defined in the questionnaire; the responses on angina and possible infarction were classified as defined by Rose and Blackburn (1968) .
MORTALITY
All deaths reported between the time of examination and 31 October 1977 were classified into the following cause of death groups; ischaemic heart disease (ICD codes 410414), cerebrovascular disease (430-438), lung cancer (162-1), chronic bronchitis (490-493), infectious and other respiratory diseases (460-486 and 510-519) (World Health Organisation, 1967) and all other causes. Statistical Methods The significance of an association between a factor (such as the age of starting to smoke) and the presence or absence of a symptom (such as angina), standardised for one or more confounding variables (such as age and number of cigarettes smoked), was evaluated using the following technique, based on that described by Peto and Pike (1973) .
The data were first divided into strata according to combinations of the confounding variables; 261 then these strata were subdivided into levels according to a factor. Within a stratum, at the j"I level of a factor, 0 was the number observed with the symptom and Sj the number studied at that level. Assuming that the factor is independent of the prevalence of symptoms, the expected number, Ej, with the symptom within the stratum was calculated, and hence the deviation, Dj, from expectation.
Where D =0 -Ej These were then summed over all strata. The deviations were then tested for significant departure from the null hypothesis by assuming that x2 =d. A-'d is asymptomatically distributed as x2 with m-1 degrees of freedom. [Where m is the number of levels of the factor, d is the vector formed by the first m-1 total deviations and A is their covariance matrix (Peto and Pike, 1973) .] Particular levels may be tested for deviation from the null hypothesis by using x2 with one degree of freedom (Armitage, 1966) .
The methods used to evaluate the significance of an association between a factor and a cause of death were essentially the same, if time of death is taken to be an additional confounding variable and Sj represents the number at risk at the beginning of the time period for that stratum.
The ratio of the total observed to the total expected within each level of a factor which is analogous to the standardised mortality ratio is used as an indicator of the relative death rate or relative prevalence of symptoms at the various levels of the factor.
Results
The sex and age distribution of the three study populations is given in Table 1 and the distribution by smoking groups in Table 2 . Table 3 demonstrates that, compared with men smokers, women smoked fewer cigarettes, started to smoke later in life, reported inhaling less often, and tended more often to smoke filter cigarettes. These differences could not be explained by differences in the age distribution of the sexes. Table 4 Numbers of deaths in ex-smokers were too small to come to a reliable conclusion, but as for men, their death rate lay between that of 'never' and current smokers. By cause of death, the percentages dying in current smokers were higher than in 'never' smokers for ischaemic heart disease, and for the group of diseases including lung cancer, although the excess was significant only in the latter case.
During the follow-up period, 536 men and 72 women died who were current cigarette smokers at the time of examination. In Table 10 , therefore, we looked in detail at the relationship of various aspects of smoking behaviour to total mortality, and, in men, to some of the principal causes of death. Although there was evidence of an increasing total mortality with amount smoked in women smokers (trend on 1 df significant at the 90% confidence level) this was not so in male smokers, in whom the rates were only 10% higher for smokers of 23 or more cigarettes a day than for smokers of 6-17 cigarettes a day. There was, however, a significant association with amount smoked for male lung cancer rates.
The age of starting to smoke was not found to be significantly associated with total mortality in either sex or, in men, with any individual cause, although there was a higher mortality in those who started to smoke at younger ages. Combining the results for both sexes gives a trend in mortality which is significant at the 90 % confidence level.
The strongest association seen in Table 10 was between male mortality and inhalation; those who reported inhaling had total death rates almost twice as high as those who did not. This excess, mainly due to an excess ischaemic heart disease mortality rate, was not seen at all in women.
Although the total numbers of male deaths among smokers of filter and plain cigarettes were not insubstantial (323 and 184 respectively), there was not the slightest indication of any difference in overall death rates between smokers of the two different types of cigarette. Nor was any significant Dean et al. found, with the exception of morning cough, which we did not study, that smokers of filter cigarettes had only slightly and non-significantly lower symptom prevalence rates than smokers of plain cigarettes, we did find a number of substantial differences, especially in women, where smokers of filter cigarettes had, on average, about 30% lower prevalence rates. We were also able to demonstrate, for some symptoms, that smokers of lower tar cigarettes tended to have lower prevalence rates than smokers of higher tar cigarettes of the same type (filter or plain).
Comparison of our mortality findings with other studies is less straightforward, partly because of the relatively small numbers of deaths observed and partly because of differing definitions of smoking groups. However, there appear to be a number of similarities. For example, our finding that male current cigarette smokers have a death rate from all causes twice that in the never smoked group is broadly comparable with the findings by Doll and Peto (1976) , Hammond (1966) , Kahn (1966) , and Godley (1974) . So, too, is our finding of a very large excess risk of lung cancer in current cigarette smokers. The fact that we found no significant association of 'all causes' mortality with the number of cigarettes smoked or the age of starting to smoke, although surprising at first sight, probably reflects the fact that these associations are relatively weak and the number of deaths relatively small. Indeed, the associations we found are not significantly different from those found, where they are available, in the above mentioned four studies. Similarly, though the association between inhalation and total male mortality was rather more marked in our study than it was in the studies of either Doll and Peto or Hammond, close examination shows that our finding is within the range of that expected from these larger studies.
Our finding, however, that men smoking filter and plain cigarette have an estimated relative risk of total mortality of 1 02, with approximate 95% confidence limits of 0-86-1 23, probably does differ significantly from that to be expected from the findings of Dean et al. (1977) , who reported relative risks of 0 54, 0 66, 0 75, and 0-68 for lung cancer, chronic bronchitis, ischaemic heart disease, and cerebrovascular disease respectively. It is, however, not significantly different from the much smaller difference between filter and plain cigarette smokers' death rates found by Todd et al. (1978) , or from that expected from Hammond et al. (1976) 
